The gynostemium structure and ontogeny of two taxonomically disputed orchids, Hemipiliopsis (= Habenaria) purpureopunctata and Senghasiella (= Habenaria) glaucifolia, are described and illustrated by scanning electron micrographs. The early gynostemium ontogeny of Hemipiliopsis purpureopunctata is shown to be fundamentally similar to that of the species of the tribe Orchideae that have been previously studied. This includes the initiation sequence of sepals, petals and lip, form and orientation of anthers, three-lobed condition of median carpel apex, and presence of auricles and basal bulges. During the later developmental stages some differences occur. The stigma processes of Senghasiella glaucifolia are united into a tongue-shaped organ, and the lateral rostellum lobes of Hemipiliopsis purpureopunctata protrude forwards with their viscidia positioned above the spur-mouth. Based on gynostemium characters, the generic rank of Hemipiliopsis was confirmed, but that of Senghasiella was not supported.
INTRODUCTION
The tribe Orchideae forms one of the morphologically most distinct groups of monandrous orchids (Dressler, 1993; Freudenstein & Rasmussen, 1999; Kurzweil & Kocyan, 2002) . It was divided into two subtribes, Orchidinae and Habenariinae (Dressler, 1993; Cribb, 2001) . However, the circumscription and monophyly of these two subtribes are still under discussion (Cribb, 2001) . The generic delimitation in subtribe Orchidinae mostly seems relatively stable at present (Pridgeon et al., 1997; Bateman et al., 2001 Bateman et al., , 2003 but is still changing in some Asian members (Luo & Chen, 2000; Pedersen, Suksathan & Indhamusika, 2003) . The generic limits are less well defined in subtribe Habenariinae. The delimitation of species-rich genera and the taxonomic states of some monotypic or small genera are under heavy dispute. According to current opinion, this subtribe comprises about 930 species in 23 genera with a pantropical distribution (Dressler, 1993; Cribb, 2001) . The largest genus is Habenaria with about 600 species, followed by Peristylus with 70-75 and Herminium with about 30 (Cribb, 2001) . Together these three genera account for approximately 75% of species of the subtribe. The remaining species make up about 20 'satellite' genera of the larger genera. Recently some sections and individual species of Habenaria have been raised to generic rank, for example, genus Podandriella based on section Podandria, genus Pseudoperistylus on section Pseudoperistylus, genus Senghasiella on H. glaucifolia Bureau & Franch., and Hemipiliopsis on H. purpureopunctata K. Y. Lang (Szlachetko & Olszewski, 1998; Szlachetko, 2001; Luo & Chen, 2003) .
Previous generic delimitations of subtribe Habenariinae have been heavily based on general gynostemium features, such as stigma entire or two-lobed, stalked or sessile (Senghas, 1973 (Senghas, -1974 Vermeulen, 1977; Dressler, 1981 Dressler, , 1993 Szlachetko, 1995; Szlachetko & Olszewski, 1998) , but these features hardly supply enough information for the classification of a large subtribe like Habenariinae. Several studies have shown that the floral and especially gynostemium ontogeny can provide taxonomic characters that are not accessible through the study of mature flowers alone (e.g. Dressler, 1993) . Kurzweil (1987) and Kurzweil & Weber (1992) examined the floral and especially gynostemium morphology of some southern African Habenariinae and suggested that some genera should be included in Habenaria whereas some others are morphologically distinct. However, similar studies in other Habenariinae have not been undertaken.
In this study, we describe in detail the gynostemium structures of two Chinese Habenariinae that were recently raised to generic level, Senghasiella glaucifolia (Szlachetko, 2001 ; based on Habenaria glaucifolia) and Hemipiliopsis purpureopunctata (Luo & Chen, 2003 ; based on Habenaria purpureo-punctata). On the basis of our morphological results we evaluate their generic rank and are confident that our study could make some contributions to the generic classification in this subtribe. Luo Yibo 14) . Voucher specimens were deposited in the Herbarium, Institute of Botany, Chinese Academy of Sciences (PE), where the pickled material is also stored. Duplicates of voucher specimens were also deposited in the Herbarium, Royal Botanic Gardens, Kew (K). Samples were preserved in 'Kew Cocktail' (H 2 O : alcohol : formaldehyde : glycerine = 15,33 : 16 : 1 : 1). The material for SEM observation was prepared according to the technique described by Gerstberger & Leins (1978) . After dissection, the specimens were chemically dehydrated in dimethoxymethane and subsequently critical-pointdried using CO 2 as the carrier gas, without passing through an intermedium. Gold-sputtered specimens were observed with a Hitachi S-800 scanning electron microscope at 25 kV.
MATERIAL AND METHODS
The following abbreviations, which basically follow Kurzweil & Weber (1991) , are used in the figures: an, fertile stamen or anther (median stamen of the outer staminal whorl in a position A 1 ), the narrow basal extensions of the thecae holding the caudicles are termed 'anther-canals'; au, auricles (appendages of the filament of the fertile anther); b, basal bulges (vestiges of the staminodes a 1 and a 2 ); br, floral bract; cau, caudicle; l, lip (= labellum); lc, lateral carpel apices; mc, median carpel apex; p 1 , p 2 , petals; pl, placenta; ro, rostellum (nonreceptive portion of the median carpel apex); ro c , central rostellum lobe; ro l , lateral rostellum lobe; s 1 , dorsal (= median) sepal; s 2 , s 3 , lateral sepals; sp, spur; stg, stigma; vi, viscidium.
The flower of this species has reflexed lateral sepals and a hood formed by the incurved petals and the dorsal sepal. Its lip is three-lobed in the upper part and gently incurved. The lip side lobes are longer and wider than the mid-lobe. A spur is present which is shorter than the ovary and points downward. Its mouth has an almost rectangular outline with a ventral furrow and is almost as wide as the entire cavity formed by the arch that connects the lip and the gynostemium. The cylindrical spur strongly tapers towards its distal part, and its tip is expanded into a globe-like structure. The anther is sessile and erect and has two parallel thecae with long anther-canals (Fig. 15 ). Lateral gynostemium appendages are obvious and positioned next to the anther; they comprise two parts that can be distinguished by their differently sculptured surfaces (au and b in Figs 13, 14) . The rostellum is three-lobed, with the two lateral lobes bearing naked viscidia, and an extended, twofolded central lobe that measures almost half of the anther in length (Fig. 15) . The stigma consists of two elongate pads and is slightly raised from the surrounding gynostemium tissue (Fig. 12) ; the pads are adpressed to the posterior wall of the cavity below the rostellum and are positioned directly above the spur mouth (Fig. 11) . The mode of organ inception on the floral primordium is similar to that in Dactylorhiza maculata (Kurzweil, 1987) (Figs 1-3) . In early stages the auricles and basal bulges are initiated in a similar way to those of D. maculata, and the former appear clearly larger than the latter (Figs 4-7) . Later both structures become joined, and the auricles develop into strongly sculptured structures on the sides of the anther. The basal bulges develop into the arch that connects the lip and the gynostemium in the adult flower (arrows in Fig. 11 ). The median carpel apex appears as an entire body in the early stages and soon develops into a nearly equally three-lobed mass (Figs 4-7) . In intermediate stages its central lobe grows into the gap between the two basal thecae ends and folds inwards (Figs 7, 8) . The two lateral lobes extend forward slightly and completely embrace the basal thecae ends (Fig. 8) . They are not fused to the basal bulges and auricles in the late stages (Fig. 11) . Finally, the lateral lobes of the median carpel apex (= lateral rostellum lobes) extend forward further and protrude from the wall of the cavity formed by the connecting tissue between the gynostemium and the lip (Fig. 15) . The whole front parts of the lateral rostellum lobes develop into the viscidia, which are positioned above the spur mouth (Fig. 11) . The two lateral carpel apices are separated in early and middle stages and are joined at their base in late stages (Fig. 11) .
In this study only the adult gynostemium morphology of Senghasiella glaucifolia was studied (Figs 16-20) . The dorsal sepal is erect and incurved to form a hood together with the posterior petal lobes, and the lateral sepals are reflexed and point downward. Petals are deeply bilobed, with a large erect posterior lobe and a small anterior lobe pointing forward. The lip is shortly clawed and deeply three-lobed, and has a linear midlobe extending forward and two side lobes coiled up in the distal part (Fig. 21) . Its spur is a slender cylinder with a clavate end and points downward (shown in Chen, Tsi & Luo, 1999: 251) . The anther is nearly horizontal (Figs 16, 17, 21) and has parallel and adjacent thecae and a slightly emarginate connective process (Fig. 21) . The anther-canals are nearly parallel and angled upward (Fig. 21) . They are as long as the lateral rostellum arms to which they are attached , and extend forward beyond the spur mouth. Therefore, the entrance to the spur is seemingly located between the two thecae (Fig. 21) . Because of the orientation of the thecae the lateral gynostemium appendages are nearly horizontal (Figs 16, 21) . They are fairly prominent and bilobed or unlobed (Figs 16-18 ). Their upper portion is free from the thecae while the lower portion is connected with the lateral rostellum lobes (Fig. 18) . The central lobe of the deeply three-lobed rostellum is not prominent, whereas the two lateral lobes extend forward and project upward as long as the anther-canals (Fig. 18) . The top ends of the lateral lobes are developed as caplike viscidia that cover the apices of the anther-canals (Figs 16-19 ). There is an obvious articulation between the viscidium and the lateral rostellum lobes (arrows in Fig. 19 ). Stigmas are completely united into a tongue-shaped structure that is parallel to the lateral rostellum lobes (Figs 17-21 ). The margins of this structure are thickened, smooth, and apparently receptive (Figs 19, 21 ). The base of this tongue, the lateral rostellum lobes, and the claw of the lip are fused (Figs 20, 21) . This structure may compel visiting insects to reach into the spur from the top of the 
DISCUSSION
In Hemipiliopsis purpureopunctata several features in the early and middle ontogenetic stages are fundamentally similar to those in tribe Orchideae (Kurzweil, 1987 (Kurzweil, , 1996 Kurzweil & Weber, 1991 , 1992 Luo & Chen, 2000) . These include the sequence of sepal, petal and lip initiation, the early form and orientation of the anther, the three-lobed condition of the median carpel apex, and the presence of auricles and basal bulges. The anther of Senghasiella glaucifolia is horizontally reflexed, and the bases of the anther thecae are extended into long anther-canals. The anther-canals are narrow, curved upward and parallel to the united stigma processes. In contrast, the anther is more or less erect, and the bases of the anther thecae are slightly extended but do not form prominent anthercanals in H. purpureopunctata. Lateral gynostemium appendages are erect structures in H. purpureopunctata but more or less horizontal masses that are basally fused with the lateral rostellum lobes in S. glaucifolia. Similar to Dactylorhiza maculata (Kurzweil, 1987) , the basal bulges of H. purpureopunctata develop into an arch that connects the lip and the gynostemium in the adult flower, but this is not the case in S. glaucifolia. The lateral lobes of the rostellum are extended forward slightly in H. purpureopunctata and strongly so in S. glaucifolia. In H. purpureopunctata the central lobe of the rostellum measures nearly half of the anther length, but this is inconspicuous in S. glaucifolia. The stigmas of H. purpureopunctata are adpressed to the wall of the cavity below the rostellum, which is a typical feature of Orchidinae (Kurzweil, 1987; Kurzweil & Weber, 1991; Luo & Chen, 2000) . In S. glaucifolia, however, they are joined to form a tongue-like structure that is parallel to the anther-canals. In H. purpureopunctata, the lateral lobes of the median carpel apex protrude from the wall of the cavity below the anther, and their whole front parts develop into viscidia (see also Luo, 2003; Fig. 41) .
The genus Habenaria is characterized by having strongly convex or stalked stigmas, but the genus shows extensive variation in most other floral features. There are about 55 species of Habenaria in China, with a distribution centre in the southwestern mountainous areas, especially the Henduan Mountains (Lang, 1999) . Habenaria glaucifolia together with five other species endemic to this area, H. aitchisonii Rchb. f., H. fargesii Finet, H. balfouriana Schltr., H. tibetica Schltr. ex. Limpricht and H. szechuanica Schltr., share several features. In particular, they all have two fleshy, basal leaves that are adpressed to the substrate, two-lobed petals and a high-elevation distribution (1400-4500 m). Based on the wide, horseshoe-shaped connective between the thecae, and two large, long and solid stigma processes, Szlachetko (2001) raised H. glaucifolia Bureau et Franch. to generic level and named it Senghasiella Szlach. However, the present study shows that the species has stigma processes completely united into a tongue-shaped structure with the margins apparently receptive. Therefore it appears to us that the recognition of genus Senghasiella Szlach. is either based on a misidentification of Szlachetko's material or is an incorrect observation. Until now, completely united stigma processes have been unknown in other species of the genus Habenaria. Whether the five above-mentioned Habenaria species also have such a stigma needs further study. With the exception of the united stigma processes, all other gynostemium characters of the species are clearly within the range of variation of Habenaria. We therefore consider the unusual stigma to be insufficient for the basis of the description of a separate genus. We reject the separation of this species as the monotypic genus Senghasiella Szlach. and suggest that this species is merely a evolutionarily derived Habenaria species. 
S 2
The gynostemium of Hemipiliopsis (= Habenaria) purpureopunctata differs ontogenetically from that of other Habenaria species described before (Kurzweil, 1987; Kurzweil & Weber, 1992) , as its lateral carpel apices do not grow forward and are joined at the base. Based on vegetative and floral morphology, Lang (1980) suggested that the species appears to represent an intermediate between Hemipilia and Habenaria, which fall into Dressler's Orchidinae and Habenariinae, respectively (see also Luo & Chen, 2003) . Thus, Luo & Chen (2003) separated it into a new genus Hemipiliopsis (as H. purpureo-punctata (K. Y. Lang) Luo & Chen) and suggested that this new genus is closely related to Brachycorythis. Based on previous (Luo & Chen, 2003) and present results, we suggest that Hemipiliopsis purpureopunctata is morphologically distinct from other Habenariinae; it appears to be phylogenetically isolated and warrants treatment as a separate genus.
